Reagents and materials
TBP, TCEP, TDCPP, TPP, TBXP and tricresyl phosphate (TCP) were obtained from Wako Pure Chemical Industries Co. (Osaka, Japan), and TCPP and tris(2-ethylhexyl) phosphate (TEHP) were purchased from Tokyo Chemical Industry Co. (Tokyo, Japan). Potassium hydrogen carbonate and sodium chloride were from Kishida Chemical Co. (Osaka, Japan). The grades of toluene, ethanol and anhydrous sodium sulfate were for the detection of pesticide residues. The sulfuric acid used was of the grade for the detection of toxic metals (96.0 -98.0%). A Sep-Pak Plus silica cartridge (particle size, 55 -105 µm; amount, 690 mg) was obtained from Waters Corporation.
The cartridge was washed with 5 ml of toluene before use.
Organophosphoric acid triesters (0.02 g each) were dissolved separately in toluene, and the solutions were made up to 100 ml with toluene. A part of these solutions was diluted with toluene or acetone.
Procedure
A 0.05 g aliquot of soft polyurethane foam sample was placed in a 10 ml test-tube. After dissolution of the sample in 2 ml of concentrated sulfuric acid for 2 -3 min, the solution was added to 8 ml of distilled water placed in a 100 ml beaker with cooling and mixing in cool water, when the dissolved polyurethane was separated out. The test-tube was washed with 2 ml of distilled water, and the washings were combined with the sulfuric acid solution. The pH of the solution in the 100 ml beaker was adjusted to about 6.3 with a 25% potassium hydrogen carbonate solution, whose pH was about 6.4. After the solution was transferred to a 100 ml test-tube in which 10 g of sodium chloride was placed, the solution was made up to 60 ml with distilled water, and was mixed by shaking. After adding 5 ml of toluene in the test-tube, organophosphoric acid triesters were extracted with toluene by shaking for 10 min. The toluene and emulsion layers were transferred to a 10 ml centrifuge-tube, and the mixture was centrifuged at 2800 rpm for 10 min. The supernatant solution was dried over 10 g of anhydrous sodium sulfate that was washed with 10 ml of toluene before use, and was then transferred to a 50 ml flask. Another cycle of this operation was further performed with 3 ml of toluene. The extracted solution was concentrated to 1 ml at below 40˚C with a rotary evaporator. The concentrated solution and 6 ml of toluene were passed through a Sep-Pak Plus silica cartridge, and the eluate was discarded. Toluene/ethanol (19:1) was passed, and the eluate was collected until the total amount of the eluate was 5 ml. The eluate was concentrated to 0.5 ml at below 40˚C with a rotary evaporator. Then, 1 µl of the resulting solution was injected onto the GC column with an auto-injector to estimate the organophosphoric acid triesters.
Results and Discussion

Stability of organophosphoric acid triesters in concentrated sulfuric acid
Soft polyurethane foam is not commonly dissolved in organic solvent at room temperature, whereas it is easily dissolved in concentrated sulfuric acid. It took 2 -3 min to dissolve a soft polyurethane foam sample in concentrated sulfuric acid. We attempted to apply the dissolution to the estimation of organophosphoric acid triesters in soft polyurethane foam.
We first examined the stability of organophosphoric acid triesters in concentrated sulfuric acid. Organophosphoric acid triesters (0.5 µg for TBP, 1 µg for TCEP, TCPP, TDCPP, TPP, TBXP and TEHP, and 2 µg for TCP, acetone solution) were placed in a 10 ml test-tube with a stopper using a micro-syringe, and 2 ml of concentrated sulfuric acid was added to the testtube. The test-tube was left at room temperature for 0 to 90 min. Organophosphoric acid triesters except for TPP, TEHP and TCP were stable in concentrated sulfuric acid as shown in Fig. 1 , and the recoveries for TBP and TCPP were almost constant above 80% in the range of 0 to 90 min. TPP decomposed a little, whereas the recovery after 0 min was 83.5%. TEHP and TCP rapidly decomposed in concentrated sulfuric acid, and the recoveries were 54.0% for TEHP and 44.8% for TCP after 0 min. The recoveries after 90 min were 14.5% for TEHP and 4.5% for TCP.
Extraction conditions
We examined the effect of pH on extraction efficiencies of organophosphoric acid triesters during the extraction of the compounds from a sulfuric acid solution. After adding 2 ml of concentrated sulfuric acid to 30 ml of distilled water, we adjusted the pH of the solution by adding a 20% sodium hydroxide solution. Organophosphoric acid triesters were spiked into the solution as before, and 10 g of sodium chloride was added to the solution. The solution was made up to 60 ml with distilled water, and the compounds were extracted with 5 ml of toluene. The organophosphoric acid triesters were recovered at greater than 80% in the range of pH 1 to 8, and it was possible to extract the compounds without adjusting the pH. However, a sulfuric acid solution was neutralized before extraction to perform the operation of extracting safely. The adjustment of pH was carried out with a 25% potassium hydrogen carbonate solution, because potassium hydrogencarbonate is preferable to a strong base such as sodium hydroxide to neutralize a sulfuric acid solution mildly. We adjusted pH to about 6.3 with a 25% potassium hydrogencarbonate solution, whose pH was about 6.4. For carbon dioxide generation on neutralization, it is necessary to add the potassium hydrogen carbonate solution gradually. 
Elution conditions
A yellow colored impurity was often contained in the solution extracted from polyurethane foam samples. Fearing that our capillary column might deteriorate by contamination with this impurity, we attempted the removal of the impurity. The impurity could be removed with a Sep-Pak Plus silica cartridge, and organophosphoric acid triesters could be eluted with toluene/ethanol (19:1). Next, we investigated the elution curves of organophosphoric acid triesters from the cartridge. One milliliter of a toluene solution of organophosphoric acid triesters (1 µg ml -1 for TBP, 2 µg ml -1 for TCEP, TCPP, TDCPP, TPP, TBXP and TEHP, and 4 µg ml -1 for TCP) was passed through a Sep-Pak Plus silica cartridge which was washed with 6 ml of toluene before use. Organophosphoric acid triesters were eluted with toluene/ethanol (19:1), and the eluate was fractionated every 0.5 ml. The compounds in each eluate were determined by GC. The eight compounds were eluted sufficiently with a collection volume of 4 ml of the eluate. The elution curves of TBP and TDCPP are shown in Fig. 2 . The elution curves of other organophosphoric acid triesters were similar to the curves of TBP and TDCPP. Accordingly, we eluted eight organophosphoric acid triesters with a 5 ml of toluene/ethanol (19:1) solution.
Separation of eight organophosphoric acid triesters
The separation of eight organophosphoric acid triesters was examined with a DB-1 capillary column. The organophosphoric acid triesters were efficiently separated in well-defined peaks without interference.
A typical gas chromatogram with the capillary column is shown in Fig. 3 . Three peaks were separated for TCPP. The ratio of the areas of the three peaks of TCPP in polyurethane samples was almost identical to that of a standard material. Accordingly, the estimation of TCPP was carried out by adding the area values of all three peaks. Four peaks were separated for TCP. The estimation of TCP was carried out similarly to that of TCPP.
Calibration curve and detection limit
Calibration curves (peak areas) were linear over the ranges 0.05 -1.5 ng for TBP, 0.1 -3 ng for TCEP, TCPP, TDCPP, TPP, TBXP and TEHP, and 0.2 -6 ng for TCP. The regression equations and correlation coefficients are shown in Table 1 . The peak height of TBXP varied on GC determination. TBXP may be adsorbed on the surface of a glass insert, which was deactivated, in an injection port of GC. The peak height of TCEP varied a little. However, it is possible to determine the compounds precisely by repeating the injections of a mixed standard solution of TCEP and TBXP before the analysis of samples. The detection limits based on a signal which was threefold the baseline noise were 0.03 ng for TBP, 0.06 ng for TCEP, TCPP, TDCPP and TPP, 0.09 ng for TBXP, 0.08 ng for TEHP and 0.2 ng for TCP. The detection limits for a 0.05 g sample were 0.3 µg g -1 for TBP, 0.6 µg g -1 for TCEP, TCPP, TDCPP and TPP, 0.9 µg g -1 for TBXP, 0.8 µg g -1 for TEHP and 2 µg g -1 for TCP.
Recovery
The recovery tests of eight organophosphoric acid triesters were performed using five repeated spikes of the compounds on a 0.05 g soft polyurethane foam sample. The spiked amounts of organophosphoric acid triesters were between 0.25 µg (5.0 µg g -1 ) and 1 µg (20.0 µg g -1 ), as shown in Table 2 . The mean recoveries of organophosphoric acid triesters and the relative standard deviations are shown in Table 2 . The mean recoveries and relative standard deviations for TBP, TCEP, TCPP, TDCPP, TPP and TBXP were 80.0 -90.0% and 4.4 -8.5%, respectively. TEHP and TCP were not sufficiently recovered, because they decomposed in concentrated sulfuric acid. It was possible to estimate TBP, TCEP, TCPP, TDCPP, TPP and TBXP by the proposed method. 
Applications of the method
The proposed method was applied to the analysis of soft polyurethane foam samples. As shown in Fig. 3(b) as a typical gas chromatogram, it was possible to estimate organophosphoric acid triesters without interference of impurities by the proposed method. The result is shown in Table 3 . Organophosphoric acid triesters were detected from soft polyurethane foam samples at the level of 0.4 -0.7 µg g -1 for TBP, 0.8 -3.1 µg g -1 for TCEP, 0.9 -3.1 µg g -1 for TCPP, 4.5 -10.2 µg g -1 for TDCPP, 4.7 -23.3 µg g -1 for TPP and 1.6 µg g -1 for TBXP. TEHP and TCP were not detected from five polyurethane foam samples.
Conclusions
It is necessary to investigate the organophosphoric acid triesters in soft polyurethane foam to clarify the causes of the environmental pollution from the compounds. The technique presented here provides a simple method for the estimation of TBP, TCEP, TCPP, TDCPP, TPP and TBXP in soft polyurethane foam. The detection limits for a 0.05 g sample were 0.3 µg g -1 for TBP, 0.6 µg g -1 for TCEP, TCPP, TDCPP and TPP and 0.9 µg g -1 for TBXP. Organophosphoric acid triesters were detected from soft polyurethane foam at the level of 0.4 -23.3 µg g -1 by the proposed method. y is the peak area of an organophosphoric acid triester and x is the amount of the compound (ng). 
